













































.ONSPHERICAL  GOLD  NANOPARTICLES  ARE  KNOWN  FOR  THEIR 
APPEALING OPTICAL  PROPERTIES /NE OF  THEIR MOST  INTERESTING 
OPTICAL FEATURES IS THE PRESENCE OF MULTIPLE ABSORPTION BANDS 
CORRELATED  WITH  THEIR  MULTIPLE  AXES  	  3UCH 
STRUCTURES  CAN  SUPPORT  BOTH  PROPAGATING  AND  LOCALIZED 
SURFACE PLASMONS &OR  INSTANCE GOLD NANORODS POSSESS  TWO 
DIFFERENT  RESONANCE  MODES  IN  CONTRAST  TO  THE  SINGLE  ONE 
DEVELOPED  FOR  SPHERICALLY  SYMMETRIC GOLD PARTICLES WHICH  IS 









METAL  LAYERS	  HAVE  SIMILAR  PROPERTIES  TO  SPHERICAL  GOLD 
NANOPARTICLES  IN  THE  SENSE  THAT  THEY  ALSO  EXHIBIT  A  SINGLE 
SURFACE  PLASMON  RESONANCE  302	  ABSORPTION  .ANOSHELLS 
HOWEVER  ALLOW  TUNING  OF  THE  302  ACROSS  THE  VISIBLE  AND 
INFRARED  REGION  OVER  A  RANGE  OF  WAVELENGTHS  SPANNING 
HUNDREDS OF NANOMETERS FAR EXCEEDING THE SPECTRAL RANGE OF 
SPHERICAL  PARTICLES  -OREOVER  FOR  BRANCHED  NANOCRYSTALS 
NANOCUBES OR NANOCAGES 302 ABSORPTION IS SHIFTED TO LONGER 
WAVELENGTHS RELATIVE TO THE ORDINARY GREEN  NM RESONANCE 
OF  SPHERICAL  PARTICLES  &OR  EXAMPLE  TRIANGLEBRANCHED 
NANOCRYSTALS EXHIBIT A BLUE COLOR 4HE PLASMON RESONANCE HAS 
THREE BANDS CORRESPONDING TO THE TWO INPLANE OR LONGITUDINAL 
SURFACE  PLASMON  ABSORPTIONS  AT  LONGER  AND  SHORTER 
WAVELENGTHS  AND  ONE  OUTOFPLANE  OR  TRANSVERSE  PLASMON 
ABSORPTION BAND 4HE PLASMON BANDS ARE VERY SENSITIVE TO THE 
LENGTH AND SHARPNESS OF THE TIPS 4HUS THOSE NANOSTRUCTURES 
ALSO  HAVE  THE  ADVANTAGE  OF  BEING  TUNABLE  IN  THEIR  OPTICAL 
PROPERTIES )N CONTRAST TO NANORODS NANOPRISMS OR NANOSHELL 
HOWEVER  THEIR  PLASMON  RESONANCES  COVER  A  LOWER  SPECTRAL 
RANGE
)N SUMMARY A KEY FEATURE OF THE NONSPHERICAL NANOPARTICLES 
IS  THAT  THEIR  OPTICAL  PROPERTIES  VARY  DRAMATICALLY  WITH  THEIR 
PHYSICAL  DIMENSIONS  4HE  EASE  OF  TUNING  THEIR  OPTICAL 
PROPERTIES GRADUALLY WITH PARTICLE SIZE AND SHAPE MAKES THEM 








WITH  THE  HIGH  DEGREE  OF  BIOCOMPATIBILITY  OF  GOLD  THESE 
STRUCTURES  SHOW  POTENTIAL  IN  A  WIDE  VARIETY  OF  BIOLOGICAL 
APPLICATIONS  OPTICAL  LABELS  FOR  BIOSENSING  EVENTS  AND 




ELECTROMAGNETIC  ½ELD  HAS  BEEN  OBSERVED  AT  THE  ENDS  OF 
ISOLATED NANORODS OR NANOWIRES COMPARED TO SPHERES LEADING 




MAKE  NONSPHERICAL  GOLD  NANOPARTICLES  PROMISING  FOR  ALL 






AS  CATALYSTS  3UPPORTED  ULTRASMALL  GOLD  PARTICLES  PLAY  AN 
IMPORTANT ROLE IN A NUMBER OF INDUSTRIALLY RELEVANT REACTIONS 
SUCH AS POLLUTION CONTROL CHEMICAL PROCESSING SENSORS AND 
FUEL CELL  TECHNOLOGY  	  )T  IS WELL ESTABLISHED THAT  THEIR 
ORIGINAL  CATALYTIC  PROPERTIES  ARE  GREATLY  DEPENDENT  ON  THE 
PARTICLE SIZE   NM	 3HAPE CONTROL OVER GOLD NANOPARTICLES 
MAY  ALSO  MODULATE  CATALYTIC  ACTIVITIES  !NISOTROPIC 
NANOSTRUCTURES  EXHIBIT  DIFFERENT  CRYSTAL  SURFACES  THEY  HAVE 
DIFFERENT  FRACTIONS  OF  ATOMS  LOCATED  AT  DIFFERENT  CORNERS 
EDGES AND AT DIFFERENT DEFECTS 4HUS THE CATALYTIC EF½CIENCY 
IS EXPECTED TO BE DIFFERENT IN CATALYZING THE SAME REACTION 
3TUDIES  ON  THE  CATALYTIC  ACTIVITIES  OF  DIFFERENT  ANISOTROPIC 
PLATINUM NANOPARTICLES  SHOWED PRONOUNCED DIFFERENCES  FOR 
THE SAME ELECTRON TRANSFER REACTION IN COLLOIDAL SOLUTION 	 
&OR  GOLD  INVESTIGATIONS  REGARDING  SHAPE  DEPENDENCY  ON 
ACTIVITY  AND  SELECTIVITY  ARE  STILL  IN  THEIR  INFANCY  	  4HIS 
SPECULATED  THAT  THEY  COULD  PLAY  A  ROLE  IN  FUTURE  CANCER 
DIAGNOSIS  AND  THERAPY  	  &URTHERMORE  THE  ABILITY  TO 
ENGINEER  GOLD  NANOPARTICLES  WITH  PLASMON  RESONANCES  IN 
REGIONS  OF  THE  ELECTROMAGNETIC  SPECTRUM  APPROPRIATE  TO  A 
PARTICULAR  APPLICATION  ALSO  SHOWS POTENTIAL  IN  ½ELDS  SUCH  AS 






THE  CONSTITUTING  UNITS  )T  MIGHT  PROVIDE  NEW  CLASSES  OF 
PHOTONIC AND ELECTRONIC DEVICES THAT CONTROL AND MANIPULATE 
LIGHT  AT  THE  NANOMETER  SCALE  AS  WELL  AS  GENERATING 
TRANSPORTING AND DETECTING DIGITAL INFORMATION FOR HOMELAND 
SECURITY  ENVIRONMENTAL  SCIENCE  HIGHSPEED  DATA 
COMMUNICATION AND COMPUTING COMPONENTS 	 
)N  ADDITION  TO  PHOTON  ABSORPTION  HEIGHTENED  SURFACE
ENHANCED 2AMAN SCATTERING 3%23	 ALSO ARISES FROM ANISOTROPIC 
GOLD  NANOPARTICLES  4HIS  TECHNIQUE  CAN  DETECT  TRACES  OF 
COMPLEX  MOLECULES  INCLUDING  HAZARDOUS  AGENTS  WITH 
MOLECULAR SPECI½CITY -OST EXPERIMENTS WERE CARRIED OUT ON 
ROUGH  METAL  ½LMS  WITH  POORLY  DE½NED  OPTICAL  PROPERTIES 
(OWEVER WITH GOLD NANOSHELLS OR NANORODS FOR EXAMPLE THE 
PLASMON  RESONANCE  CAN  BE  TUNED  TO  THE  EXCITATION  OF 
COMMON  LASER  RADIATION  SOURCES  OPTIMIZING  THE 
ELECTROMAGNETIC  ENHANCEMENT  MECHANISM  -OREOVER 
ANISOTROPIC  PARTICLES  HAVE  HIGHLY  CURVED  SHARP  SURFACE 
FEATURES WITH DIMENSIONS LESS THAN  NM WHICH LEAD TO AN 















POTENTIAL  SHAPEDEPENDENT CATALYSIS ADDS  TO  THE ADVANTAGE 
OF  USING  NANOPARTICLES  AS  CATALYSTS  /F  COURSE  BEING  SMALL 
WITH  CORNERS  AND  EDGES  COULD  MAKE  THEIR  SURFACE  ATOMS 









PREPARATION  ROUTES HAVE BEEN  REPORTED  FOR  THE  SYNTHESIS OF 
SPHERICAL GOLD COLLOIDAL PARTICLES 	 (OWEVER MOST OF THEM 
INVOLVING  THE  CHEMICAL  REDUCTION  OF  !U  IONS  &OR  EXAMPLE 
REDUCING AGENTS SUCH AS .A"( OR WHITE PHOSPHORUS PRODUCE 
SMALL GOLD PARTICLES DIAMETER   NM	 WHILE REDUCTANTS SUCH 






NM  THE  SIZE  DISTRIBUTION  WIDENS  AND  THE  ELLIPTICITY  OF  THE 
PARTICLES SIGNI½CANTLY EXCEEDS UNITY
)N  ORDER  TO  CONTROL  THE  FORMATION  OF  NONSPHERICAL  GOLD 
NANOPARTICLES  VARIOUS  METHODOLOGIES  HAVE  BEEN  RECENTLY 
DEVELOPED  &IGURE  	  4HEY  CAN  BE  CLASSI½ED  AS  I	  USE  OF 
TEMPLATES TO SHAPE THE PARTICLES II	 USE OF APPROPRIATE CAPPING 
REAGENTS  TO  KINETICALLY  CONTROL  THE  GROWTH  RATES  OF  VARIOUS 
FACETS  OF  A  SEED  III	  ASSEMBLY  OF  PREFORMED  SPHERICAL 
NANOPARTICLES  3INCE  MANY  OF  THESE  METHODS  WERE  NOT 
DEMONSTRATED  UNTIL  RECENTLY  MOST  OF  THEIR  CHARACTERISTICS 
SUCH AS REPRODUCIBILITY PRODUCT PURITY POTENTIAL FOR SCALING
UP  COST  EFFECTIVENESS  AND  IN  SOME  CASES MECHANISM	  ARE 





4EMPLATE  DIRECTED  SYNTHESIS  REPRESENTS  A  STRAIGHTFORWARD 
ROUTE  TO  NONSPHERICAL  GOLD  NANOCOLLOIDS  )N  THIS  APPROACH 
THE  TEMPLATE  SERVES  AS  A  SCAFFOLD WITHIN  OR  AROUND	 WHICH 
GOLD  IS  GENERATED  IN  SITU  AND  SHAPED  INTO  A  MORPHOLOGY 
COMPLEMENTARY TO THAT OF THE TEMPLATE ! WEALTH OF TEMPLATES 
HAVE  BEEN  SUCCESSFULLY  DEVELOPED  AND  UTILIZED  INCLUDING 
CHANNELS  WITHIN  POROUS  MATERIALS  MESOSCALE  STRUCTURES 
INCLUDING  ,ANGMUIR  ½LMS	  SELFASSEMBLED  FROM  ORGANIC 
SURFACTANTS OR BLOCK COPOLYMERS BIOLOGICAL MACROMOLECULES 
SUCH  AS $.!  STRAINS  OR  VIRUSES  AND  EXISTING  NANOSTRUCTURES 
SYNTHESIZED  USING  OTHER  APPROACHES  	  7HEN  THE 
TEMPLATE  IS ONLY PHYSICALLY  INVOLVED  IT  IS OFTEN NECESSARY  TO 
REMOVE IT SELECTIVELY USING A POSTSYNTHESIS TREATMENT IN ORDER 
TO  HARVEST  THE  RESULTING  GOLD  NANOPARTICLES  )T  IS  WIDELY 








CAN  SERVE  AS  TEMPLATES  FOR  GENERATING  NONSPHERICAL  GOLD 
NANOPARTICLES  )N  THIS  REGARD  NANOSTRUCTURES  THAT  CAN  BE 





SURFACE  OF  A  3I	  WAFER  WITH  A  +/(ISOPROPYL  ALCOHOL 
SOLUTION 	 0ENNER ET AL HAVE DEMONSTRATED THE GROWTH OF 
GOLD NANOWIRES BY TEMPLATING AGAINST THE STEPS ON A HIGHLY 





GOLD  NANOSTRUCTURES  MAY  OCCUR  ON  SPECI½C  GOLDRICH  GOLD 
SULPHIDE NANOPARTICLE FACETS 	 'OLD SALT WAS REDUCED BY 

















4HE  	  PLANE  OF  THE  FCC  GOLD  SULPHIDE  STRUCTURE  IS 
COMPRISED ONLY OF GOLD ATOMS LEADING TO GOLDGOLD CHEMICAL 
BONDS  AT  THE  INTERFACE  WITH  THE  GOLD  NUCLEI  !  DISLOCATION 
NETWORK PERPENDICULAR  TO THE  INTERFACE PLANE BETWEEN THE 
CORE AND THE ISLAND IS FORMED 4HE SOFTER MATERIAL ¯ GOLD IN 
THIS  SYSTEM ¯  FAVOURS  THE CREATION OF DISLOCATIONS  TO MATCH 
THE  LATTICE  MIS½T  ABOUT  	  BETWEEN  THE  TWO  MATERIALS 
RATHER THAN ELASTICALLY DEFORMING
4HE ADDITION OF A  LARGE AMOUNT OF !U SALT RESULTS  IN THE 
ELONGATION  OF  THE GOLD  SEEDS  RATHER  THAN  THE  FORMATION OF 
NEW  GOLD  NUCLEI  ON  THE  INITIAL  SEED  SURFACE  )N  EQUILIBRIUM 
GROWTH  CONDITIONS  BINDING  ENERGIES  !U!U	  ARE  THE  MOST 
IMPORTANT DRIVING  FORCE OF  THE DIRECTED NUCLEATION AND  THE 
ORIENTED  GROWTH  PROCESS  )N  NON  EQUILIBRIUM  GROWTH 
CONDITIONS  IE  BY  VERY  FAST  REDUCTION  RATE  OF  !U  SALT  THE 
GROWTH OF MANY RANDOMLY ORIENTED GOLD PARTICLES IS OBSERVED 
!  LARGE  NUMBER  OF  NUCLEI  MERGE  SIMULTANEOUSLY  OVER  THE 
SURFACE OF THE SEED PARTICLES IN THE EARLY STAGE OF THE REACTION 
RESULTING  IN  A  LAYER  OF  LARGER  CLOSELY  PACKED  NANOPARTICLES 
&IGURE  	  4HIS  PROCEDURE  OPENS  A  POTENTIAL  ROUTE  TO  THE 
SYNTHESIS OF GOLD NANOSHELLS OF DIFFERING THICKNESS 
"Y  USING  #E/  AS  SEEDS  GOLD  NANOPARTICLES  CAN  ALSO  BE 
PRODUCED  BY  DEPOSITIONPRECIPITATION  	  $EPENDING  ON 





3UCH  A  CRYSTALLOGRAPHIC  ORGANIZATION  HAS  BEEN  PREVIOUSLY 
OBSERVED ON OTHER NOBLE METAL  OXIDE CATALYST MATERIALS 	 













HAVE  FAVOURED  A  LOWER  LATTICE  MIS½T  BY  ADOPTING  ANOTHER 




#HANNELS  IN  POROUS  MEMBRANES  PROVIDE  ANOTHER  CLASS  OF 
TEMPLATES  FOR  USE  IN  THE  SYNTHESIS  OF  NONSPHERICAL  GOLD 
NANOSTRUCTURES &IGURE 	 4WO TYPES OF POROUS MEMBRANES 
ARE  GENERALLY  USED  POLYMER  ½LMS  CONTAINING  TRACKETCHED 
CHANNELS  AND  ALUMINA  ½LMS  CONTAINING  ANODICALLY  ETCHED 
PORES 4HIS METHOD IS DERIVED FROM THE PIONEERING WORKS OF 
-ARTIN AND -OSKOVITS WHO HAVE SHOWN THE ELECTROCHEMICAL 
DEPOSITION  OF  GOLD  NANORODS  INSIDE  POROUS  MEMBRANES 
	 4HEY SHOWED THAT BY CHANGING THE ASPECT RATIO 
OF THE PREPARED NANOCYLINDERS THE COLOUR OF THE COMPOSITE 
MEMBRANE  CAN  BE  VARIED  	  )NITIALLY  THE  TEMPLATE 
METHOD WAS EMPLOYED TO PREPARE MICROSCOPIC ELECTRODES BY 
DEPOSITING  GOLD  ON  A  POLYCARBONATE  MEMBRANE  USING 
ELECTROCHEMICAL  PLATING  METHODS  	  3UBSEQUENTLY  THE 
METHOD HAS BEEN APPLIED TO THE REDISPERSION OF THE TEMPLATE
SYNTHESIZED GOLD NANORODS INTO WATER 	 !LTERNATIVELY THE 
RODS  COULD  BE  DISPERSED  INTO  ORGANIC  SOLVENTS  THROUGH  THE 
DISSOLUTION OF THE APPROPRIATE MEMBRANE FOLLOWED BY POLYMER 
STABILIZATION  	  4HE  DIAMETER  OF  THE  GOLD  NANOPARTICLES 
THAT  ARE  SYNTHESIZED  BY  THIS  WAY  COINCIDES  WITH  THE  PORE 
DIAMETER OF  THE ALUMINA MEMBRANE  4HIS MEANS  THAT GOLD 
NANORODS  WITH  DIFFERENT  DIAMETERS  CAN  BE  PREPARED  BY 
CONTROLLING THE PORE DIAMETER OF THE TEMPLATE 	 4HE 
LENGTH OF THE NANORODS CAN BE CONTROLLED THROUGH THE AMOUNT 
OF GOLD DEPOSITED WITHIN  THE PORES OF  THE MEMBRANE  	 
3IMILAR  TECHNIQUES  USING  DIFFERENT  MEMBRANES  HAVE  ALSO 
BEEN SUCCESSFULLY APPLIED TO THE SYNTHESIS OF GOLD NANOTUBES 
	  4HE  FUNDAMENTAL  LIMITATION  OF  THIS  TEMPLATE 
METHOD  IS  THE  YIELD  SINCE  ONLY  MONOLAYERS  OF  RODS  ARE 
PREPARED  EVEN  MILLIGRAM  AMOUNTS  OF  RODS  ARE  ARDUOUS  TO 
PREPARE
9AN AND 'OEDEL HAVE USED POROUS POLYMER MEMBRANES 


































SOLUBILIZED  IN  THE POLAR  CORE OF  REVERSE MICELLES  FORMING  A 
SOCALLED  WATER  POOL  4HESE  SPATIALLY  AND  DIMENSIONALLY 
CONSTRAINED WATER  POOLS  CAN  BE  USED  AS  SOFT  TEMPLATES  TO 
PROMOTE  THE  FORMATION  OF  GOLD  NANOPARTICLES  WITH  VARIOUS 
SHAPES "ASED ON THIS PRINCIPLE 7ANG ET AL DEMONSTRATED THE 
SYNTHESIS  OF  GOLD  NANORODS  BY  TEMPLATING  AGAINST  RODLIKE 
MICELLES ASSEMBLED FROM CETHYLTRIMETHYLAMMONIUM BROMIDE 
#4!"	  AND  A  SMALL  AMOUNT  OF  A MUCH MORE  HYDROPHOBIC 
CATIONIC  SURFACTANT  TETRADODECYLAMMONIUM  BROMIDE 
4#!"	 WHICH ACTS AS A RODINDUCING COSURFACTANT 	 4HIS 
METHOD WAS  LATER  EXPLOITED BY  %L3AYED  TO  SYNTHESIZE  GOLD 
NANORODS  WITH  WELLCONTROLLED  ASPECT  RATIOS  	  3IMILAR 
NANOPARTICLES HAVE BEEN OBTAINED BY -URPHY ET AL BY USING A 
SEEDMEDIATED  GROWTH  IN  THE  PRESENCE  OF  RODLIKE MICELLES 
ASSEMBLED FROM #4!" 	 ,ATER THE SAME GROUP REPORTED 





COVALENT  BOND	  CAN  ALSO  BE  EXPLOITED  AS  SOFT  TEMPLATES  TO 
GENERATE  NONSPHERICAL  GOLD  NANOSTRUCTURES  7HEN  THE 
POLYMER  SEGMENTS  ARE  IMMISCIBLE  AND  UNDER  APPROPRIATE 
CONDITIONS MESOPHASES CAN BE FORMED $IFFERENT REGIONS IN 
SUCH  PHASES  CAN  BE  SELECTIVELY  IN½LTRATED  WITH  A  GOLD  SALT 
MAKING BLOCK COPOLYMERS A POWERFUL SYSTEM OF TEMPLATES FOR 
THE SYNTHESIS OF GOLD NANOPARTICLES OF VARIOUS SHAPES 	
0RECIPITATION  UNDER  ,ANGMUIR  ½LMS  HAS  PROVIDED  INSIGHT 
INTO THE NATURE OF THE TEMPLATING PROCESS NOT ALWAYS AVAILABLE 
TO  THOSE  INVESTIGATORS  SYNTHESIZING  PARTICLES  IN  OTHER 
MESOPHASE  SYSTEMS  4HE  ROLE  OF  THE  POLAR  HEAD  GROUP  IN 
BINDING THE PRECIPITATING SPECIES AND RELATIVE PACKING OF THE 
AMPHIPHILIC MOLECULES  CAN  BE  EXAMINED  TO  DETERMINE  THE 




½LM  	  5LTRAVIOLET  RADIATION  WAS  USED  TO  INDUCE  PHOTO











4%-  MICROGRAPHS  OF  A	  GOLD  NANOPARTICLES  GROWN  IN  A  NINE  LAYER 
," ½LM OF OCTADECYLAMINE IRRADIATED FOR  MIN  B	 TRIANGULAR GOLD SINGLE 
CRYSTALS  WITH  TRUNCATED  CORNERS  GROWN  IN  A  NINE  LAYER  ,"  ½LM  OF 
BENZYLDIMETHYLSTEARYLAMMONIUM CHLORIDE MONOHYDRATE AFTER EXPOSURE 










7ITHIN  LAMELLAR  PHASE  WHICH  CONSISTS  OF  STACKED  SHEETS 
COMPOSED  OF  BILAYERS  OF  AMPHIPHILIC  MOLECULES  SEPARATED 
FROM EACH OTHER BY WATER  LAYERS WE SHOW THE POSSIBILITY OF 
PRODUCING  ASSEMBLIES  OF  GOLD  NANOPARTICLES  BY  GAMMA 
IRRADIATION &IGURE C	 4HE PARTICLE MORPHOLOGY IS DETERMINED 
BY  GEOMETRICAL  CONSTRAINTS  NOTABLY  THE  THICKNESS  OF  WATER 
LAYERS  AND  CHEMICAL  CONSTRAINTS  INDUCED  BY  THE  STABILIZING 







STANDING GOLD NANOWIRES  CAN BE PREPARED  THROUGH A  REDOX 






TRIANGULAR  NANOPLATES  AND  NANOCUBES  RESPECTIVELY  )N  THIS 
SERIES OF WORKS SILVER NANOSTRUCTURES OF CONTROLLED MORPHOLOGY 
PROVIDE A TEMPLATE SURFACE FOR GOLD NUCLEATION AND GROWTH 









BY  MINING  COMPANIES  	  4HE  STUDY  OF  GROWTH  OF  GOLD 
NANOPARTICLES INSIDE LIVE PLANTS HAS VERY IMPORTANT IMPLICATIONS 
IN ECOTOXICOLOGY AND POSSIBLE APPLICATIONS AS THE REMOVAL OF 
GOLD  OR  OTHER  ELEMENTS	  FROM  CONTAMINATED  ZONES  &OR 
INSTANCE  BIOREDUCTION  OF  GOLD  CATIONS  INSIDE  LIVE  PLANTS 






BEEN  ALSO  INVESTIGATED  EMPLOYING  POLYPEPTIDES  	 
MICROORGANISMS 	 OR PLANT EXTRACTS 	 3PECI½C 
POLYPEPTIDE  REPEAT  SEQUENCES  IN  PROTEINS  SECRETED  BY  THE 
BACTERIUM %SCHERICHIA COLI HAVE BEEN SHOWN TO INDUCE GROWTH 
OF ¾AT TRIANGULAR GOLD NANOCRYSTALS AT A  YIELD RELATIVE TO 
THE TOTAL NANOPARTICLE  FORMATION  	 !  RECENT AND UNIQUE 






GOLD  FROM  SOLUTIONS  CONTAINING  !U  IONS  AND  RESULTING  IN 




APPROACH  FOR  GENERATING  COMPLEX  NANOPARTICLES  ON  VARIOUS 
SCALES  	  )N  PARTICULAR  SPHERICAL  GOLD  NANOPARTICLES  HAVE 
BEEN PURSUED AS BUILDING UNITS FOR THE FORMATION OF STRUCTURES 
WITH  MORE  COMPLEX  SHAPES  2UDIMENTARY  GOLD  NANOWIRES 
WERE  FOR  INSTANCE  OBTAINED  BY  SINTERING  THE  NANOPARTICLES 
CON½NED WITHIN THE PORES OF AN ALUMINA MEMBRANE AT # 
FOR  SEVERAL  HOURS  	  )T  WAS  DEMONSTRATED  THAT  CHAINS  OF 
!U00H	#L  CLUSTERS  COULD  BE  FORMED  AT  THE  WATER
DICHLOROMETHANE  INTERFACE  AS  INDUCED  BY  POLYP
PHENYLENEETHYNYLENE	  DISSOLVED  IN  THE  LIQUID  PHASE  	  )F 
POLYVINYLPYRROLIDONE	 060	 WAS PRESENT IN THE SOLUTION PHASE 
A $ NETWORK OF CLUSTERLOADED POLYMER CHAINS WAS OBSERVED 
AT  THE  AIRLIQUID  INTERFACE  UNDER  SURFACE  COMPRESSION  IN  A 
,ANGMUIR"LODGETT THROUGH 	 )N THIS CASE THE GOLD CLUSTERS 











EXPLORED  AS  A  MEANS  OF  DIRECT  ORGANIZATION  OF  GOLD 
NANOSPHERES  &OR  EXAMPLE  LINEAR  CHAINS  AND  CIRCULAR  RINGS 
HAVE  BEEN  FABRICATED  BY  MANIPULATING  THE  POSITIONS  OF 
INDIVIDUAL  GOLD NANOPARTICLES WITH  THE PROBE OF  A  SCANNING 
FORCE  MICROSCOPE  	  !  VERY  ELEGANT  APPROACH  WAS  ALSO 
DEVELOPED BY &ELDHEIM ET AL TO SYNTHESIZE PHENYLACETYLENE
BRIDGED  GOLD  NANOPARTICLE  DIMERS  AND  TRIMERS  IN  SOLUTION 
	  0OLYPHENYLACETYLENE	  OLIGOMERS  WAS  CHOSEN  AS  BASIC 
LINKER REPEATUNITS BECAUSE I	 THEY ARE CONFORMATIONALLY RIGID 












MINIMUM  TOTAL  SURFACE  ENERGY  4HEREFORE  THE  SHAPE  OF  A 







FREE  ENERGIES  OF  THE  VARIOUS  CRYSTALLOGRAPHIC  SURFACES  AND 







GROWING  RATE  OF  DIFFERENT  CRYSTAL  FACETS  )N  SUCCESSION 
TETRAHEDRAL  ICOSAHEDRAL  AND  CUBIC  GOLD  NANOCRYSTALS  WERE 
ALSO OBTAINED BY A SIMILAR 060%' PROCESS AND BY INTRODUCING 





EXTERNAL  ANIONS  SUCH  AS  HALOGEN  IONS  PLAYS  AN  IMPORTANT 
ROLE IN MODULATING THE SHAPE OF METAL NANOPARTICLES 	 )N 
OUR  LABORATORY  WE  HAVE  INVESTIGATED  THE  GROWTH  OF  GOLD 
NANOPARTICLES  THROUGH  THE  REDUCTION  OF  MONOVALENT  OR 
TRIVALENT  GOLD  SALTS  BY  SODIUM  SULPHIDE  IN  THE  PRESENCE  OF 
ANIONS SUCH AS ) #L AND "R 	 7HILE CHLORIDE IONS PROMOTE 
THE  FORMATION  OF  GOLD  NANOTRIANGLES  BROMIDE  AND  IODIDE 
IONS  DISTORT  THE  MORPHOLOGY  SIGNI½CANTLY  AND  LEAD  TO  THE 
FORMATION  OF  SPHERICAL  PARTICLES  &IGURE  	  "ROMIDE  AND 
IODIDE ARE KNOWN  TO BE CAPABLE OF  REPLACING CHEMISORBED 
#L ON GOLD SURFACE AND THUS POTENTIALLY CONTROL THE RATE OF 
GROWTH  OF  THE  NUCLEI  /UR  COMPARISON  OF  THE  SHAPE 
DISTRIBUTIONS  OBTAINED  IN  THE  DIFFERENT  EXPERIMENTAL 
CONDITIONS LEAD US TO THE CONCLUSION THAT THE CONTROL OF THE 
SHAPE OF GOLD NUCLEI IS MORE IMPORTANT THAN THE CONTROL OF 




4%-  	  4RIANGULAR GOLD  FORMATION WAS OBSERVED  THROUGH 
THE  MELTING  OF  TWO  GOLD  NANOPARTICLES  ONTO  COPPER  GRID 
SUPPORT 4HE MELTING TEMPERATURE OF NANOMETERSIZED GOLD 













INTERFACE  PLANES  ARE  CREATED  AND  A WEAK  BRIDGE  IS  FORMED 
RAPIDLY FOLLOWED BY A NECK 4HE STRUCTURE AND THE ORIENTATION 
OF  THE PARTICLE CHANGE AND THE  LATTER  IS  ±SWALLOWED² BY THE 
GOLD TABULAR PARTICLE !T  THE END OF  THE PROCESS  THE UPPER 
RIGHT  ANGLE  IS  FORMED  AND  THE  TRIANGULAR  FORM  OF  THE  GOLD 
TABULAR PARTICLE IS NOW BETTER DE½NED
)NVESTIGATIONS OF THE OPTICAL PROPERTIES OF THOSE TRIANGULAR 
PARTICLES  HAVE  SHOWN  THAT  THE  SURFACE  PLASMON  BANDS 
FREQUENCY IS STRONGLY SENSITIVE TO THE CORNER SHARPNESS &IGURE 
	  3IMULATIONS  BY  $ISCRETE  $IPOLAR  !PPROXIMATION  $$!	 
APPROACH QUALITATIVELY INDICATE THAT THE ELECTRIC ½ELD IS MAINLY 




/VER  THEIR  ABILITY  TO  FORM  MICELLES  IE  SOFT  TEMPLATE	 
SURFACTANT MOLECULES OR COMPLEX ION VERSIONS OF THEM CAN 
ALSO  POTENTIALLY  BIND  TO  SPECI½C  CRYSTAL  FACES  AND  DIRECT 
NANOCRYSTAL GROWTH 	 -URPHY ET AL HAVE DEMONSTRATED 
THAT  AT  SOME  STAGE  OF  GROWTH  OF  GOLD  NANORODS  THE 
COMPETITIVE AND PREFERENTIAL BINDING OF #4!" MOLECULES ON A 
CERTAIN FACE OF GOLD MAY  LEAD TO THE GENERATION OF FACETED 
SPHERES  WHICH  EVOLVE  TO  FORM  $  NANOSTRUCTURES  	 
$IFFERENT  SURFACTANTS  CAN  BE  USED  EITHER  SINGLY  OR  IN 
COMBINATION WITH OTHERS  TO VARY  THE SHAPE AND SIZE OF  THE 
PRODUCED NANORODS 	 $IFFERENT FACTORS SUCH AS THE HEAD 
GROUP OF THE SURFACTANT AND CHAIN LENGTH ALL AFFECT THE NATURE 
OF  THE  NANORODS  PRODUCED  MAKING  PREDICTIONS  ABOUT 
SURFACTANT CHOICE DIF½CULT !LKYLTRIMETHYLAMMONIUM BROMIDES 
ARE EFFECTIVE  SURFACTANTS  THAT ASSIST  IN  THE SYNTHESIS OF GOLD 
NANORODS OF VARIOUS SIZES 	 #4!" APPEARS TO BE A 
POPULAR CHOICE !FTER SYNTHESIS THE GOLD NANORODS ARE CAPPED 
WITH  A  BILAYER  OF  #4!"  IN  WHICH  THE  POLAR  HEAD  OF  ONE 
MONOLAYER  FACES  THE  GOLD  THE  OTHER  POLAR  HEAD  FACES  THE 
AQUEOUS SOLVENT AND THE NONPOLAR TAILS INTERACT TO SEQUESTER 
THEMSELVES  FROM  WATER  	  (ENCE  THE  FORMATION  AND 
STABILITY OF THE NANORODS DEPEND ON THE HEAD GROUP OF THE 
SURFACTANT WHICH BINDS TO THE NANORODS	 AND ALSO ON THE TAIL 









.ATURAL  LITHOGRAPHY  RENAMED NANOSPHERE  LITHOGRAPHY  .3,	 
	 AND COLLOIDAL LITHOGRAPHY 	 IS A POWERFUL TECHNIQUE TO 
INEXPENSIVELY  PRODUCE  NANOPARTICLE  ARRAYS  WITH  CONTROLLED 
SHAPE SIZE AND INTERPARTICLE SPACING .3, IS BASED ON THE SELF
ASSEMBLY  OF  SIZEMONODISPERSED  NANOSPHERES  OFTEN 
POLYSTYRENE  LATEXES  TO  FORM  A  TWO  DIMENSIONAL  COLLOIDAL 
CRYSTAL  DEPOSITION  MASK  ON  A  3I  SUBSTRATES  !S  THE  SOLVENT 
EVAPORATES CAPILLARY FORCES DRAW THE NANOSPHERES TOGETHER 
AND  THE  NANOSPHERE  CRYSTALLISE  INTO  A  HEXAGONALLY  CLOSE
PACKED PATTERN ON THE SUBSTRATE &OLLOWING SELFASSEMBLY OF 
THE  NANOSPHERE  MASK  GOLD  IS  DEPOSITED  BY  THERMAL 
EVAPORATION  ELECTRON  BEAM  DEPOSITION  OR  PULSED  LASER 




UNIT  LATTICES  ARE  FABRICATED  FROM  A  DOUBLELAYERED  MASK 
	  )N  THIS  CASE  THE  SUBSTRATE  TO  BE  PATTERNED  IS 
&IGURE 
(24%- MICROGRAPHS EXTRACTED FROM THE VIDEO SEQUENCE OF GOLD NANOPARTICLES SINTERING BEFORE AND AFTER INTENSE ELECTRON BEAM EXPOSURE 	
5 nm 5 nm
'OLD "ULLETIN    
POSITIONED NORMAL TO THE DIRECTION OF MATERIAL DEPOSITION "Y 
CONTROLLING  THE  ANGLE  BETWEEN  THE  SURFACE  NORMAL  OF  THE 
SAMPLE ASSEMBLY AND THE PROPAGATION VECTOR OF THE MATERIAL 
DEPOSITION  BEAM  VASTLY  DIFFERENT  AND  INCREASINGLY  ¾EXIBLE 
NANOSTRUCTURES  SUCH  AS  CHAINS  GAP  CONTACT  AND  OVERLAP 
NANOSTRUCTURES  HAVE  BEEN  GENERATED  	  'OLD  NANORING 
ARRAYS WERE ALSO FOUND ON THE SILICON WAFER SUBSTRATE BY USING 










DIRECTLY  AS  MASKS  	  4HIS  TECHNIQUE  CALLED  HOLE  MASK 
NANOLITHOGRAPHY CONSISTS  IN SEVERAL STEPS  I	  THE DEPOSITION 
OF POLYSTYRENE PARTICLES BY  ELECTROSTATIC  SELFASSEMBLY ONTO 
GLASS  SLIDES  PRECOATED  WITH    NM  OF  !U  4HE  RESULTING 
PARTICLE  SATURATION  COATINGS  HAVE  WELLDE½NED  STRUCTURE 
WITH SHORT  RANGE ORDERING DUE TO ELECTROSTATIC  INTERPARTICLE 




OR  BY  OXYGEN  PLASMA  TREATMENT  III	  &INALLY  !R  ION  BEAM 
ETCHING IS USED TO REMOVE THE !U ½LM UTILIZING THE PARTICLE 
½LM AS AN ETCH MASK 4HE REMAINS OF THE POLYSTYRENE PARTICLES 
ARE  REMOVED  BY  A  56OZONE  TREATMENT  AND  A  SUBSEQUENT 
WATER RINSE LEAVING SEPARATED OBLATE GOLD DISKS ON THE GLASS 
(YBRID  NANOSTRUCTURES  DISK  SHAPE	  COMPOSED  OF  METAL 
DIELECTRIC NANOSANDWICHES GOLD¯SILICA	 HAVE BEEN PRODUCED 
WITH  THIS  TECHNIQUE  FOR  THE  STUDY  OF  BIMODAL  RESONANT 
RESPONSE  AT  OPTICAL  FREQUENCIES  OBSERVED  DUE  TO  DIPOLAR 
PLASMON HYBRIDIZATION 	 
$IPPEN NANOLITHOGRAPHY WAS ALSO USED TO GENERATE LAYERS 
ON  !U  COMBINED  WITH  WETCHEMICAL  ETCHING  TO  FABRICATE 
NANOSTRUCTURES  WITH  NANOSCALE  PRECISION  AND  DELIBERATELY 
DESIGNED SHAPES LINES DOTS  RINGS AND TRIANGLES	 SIZES AND 
NANOSCALE  PRECISION  	  /THER  LITHOGRAPHIC METHODS 
HAVE  BEEN  DESCRIBED  IN  THE  LITERATURE  COMBINING  SEVERAL 
TECHNIQUES !S AN EXAMPLE A VERY RECENT AND ORIGINAL METHOD 
TERMED ONWIRE LITHOGRAPHY COMBINING ADVANCES IN TEMPLATE
DIRECTED  SYNTHESIS  OF  NANOWIRES  WITH  ELECTROCHEMICAL 








OF  SURFACE  PLASMONS  	  AND  TO  DEMONSTRATE 
EXPERIMENTALLY THE EXISTENCE OF NEGATIVE REFRACTIVE INDEX FOR 
OPTICAL  RANGE  FOR  METAMATERIALS  BASED  ON  NANOSTRUCTURED 
GOLD NANOWIRES 	
 +EY CHALLENGES
#HEMICAL  SYNTHESIS  OF  GOLD  NANOPARTICLES  WITH  WELLCONTROLLED 
SHAPES SIZES AND STRUCTURES IS BECOMING A PRACTICAL REALITY 4HE 
DEVELOPMENT  OF  A  COLLOID  CHEMISTRY  ROUTE  CONTINUES 
TO BE ESSENTIAL FOR THE SYNTHESIS AND MANIPULATION OF ANISOTROPIC 
GOLD  NANOPARTICLES  WITH  MAJOR  REQUIREMENTS  ALREADY 




ADDRESSED  SUCH  AS  CRYSTAL  STRUCTURE  EFFECTS  OF 
THE SEEDS ON THE RESULTING NANOPARTICLES TWINNING THE ROLE OF 











OF  INDIVIDUAL  PARTICLES  IN  ASSEMBLIES  AND  MIXTURES  !  GREAT 
EFFORT IS NEEDED TO CREATE ASSEMBLIES OF NANOPARTICLES IN TWO OR 
THREE  DIMENSIONAL  STRUCTURES  /BSERVATIONS  OF  NEW  OPTICAL 
PROPERTIES  OF  SELFASSEMBLED  MONOLAYERS  OF  ANISOTROPIC  GOLD 
STRUCTURES ARE EXPECTED AS NOW THE ELECTRIC ½ELDS CONNECTED TO 
THE  PLASMON  RESONANCE  WILL  IN¾UENCE  THE  EFFECTIVE  ½ELDS 
AROUND  THE  NEIGHBOURING  NANOPARTICLES  7ITH  CONTINUED 
DEVELOPMENT IN THEIR SYNTHESIS AND ASSEMBLY GOLD NANOPARTICLES 
WILL  BE  A  STANDARD  STOCK  OF  FUTURE  PHOTONICS  BIOMEDICAL 
AND CATALYTIC APPLICATIONS
,ASTLY  THE  NEXT  CHALLENGE  WILL  BE  THE  INTEGRATION  OF  SUCH 
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